In order to understand the origin, the extent and the space distribution of the seasonal anthropic pollution parameters in the water retention located in mountainous area thickly populated and which water resources is intended for the production of drinking water for serving a population of approximately 800,000 inhabitants, two sampling campaigns were carried out for the two seasons of the year known as the dry and rainy season. The samples were then conveyed and analyzed in laboratory. The parameters retained for this study were primarily the physicochemical parameters (pH, conductivity and temperature), measured in situ and second the major anthropic origins anions of . The results of the study show that overall the anthropic pollution parameters undergo an important seasonal variation of their concentration between the dry and rainy periods although they remain high in any season compared to the quality standards of natural water of the European Union. Their space distribution within retention remains overall random and is not function of the seasons. However, surrounding areas of the retention and the discharge system of the seasonal rivers (Mayos) which feed it present in rainy season space distributions of concentrations in anions of anthropic origin enumerated above highest.
Introduction
In a world context marked by increasing shortages and a rise of a demand for good water quality, many countries already took measures to protect their water resources. But, in spite of this progress, WHO and UNICEF underline that the world remains very far from achieving the Goals of the Millennium in the matter of development cleansing.
In addition, in spite of this drinking water shortage, agriculture responsible for 70% of all the world consumption of fresh water and groundwater and the demographic explosion vector of the fast increase in water requirements, involve a very great pressure on surface water and constitute the most important factors of the increasing of anthropic pollution parameters such as nitrates, phosphates and ammonium ions in these water [1] .
The present study aims to determine the origin, the extent and the seasonal space distribution of the concentrations of anthropic chemical anions in a water retention located in mountainous area under Sahelian climate with densities of inhabitants approaching 200 inhabitants/km 2 . This retention except its first vocation which is the production of drinking water to serve a population of more than 800,000 inhabitants, is also the building drain of two seasonal waterways (Mayos) draining a catchment area of a surface of approximately 70 km 2 [2] .
Mainly, in this work it will be all about determining the nature of this anthropic pollution through the analysis of some anthropic water pollution parameters, the considering of their seasonal fluctuation, their space distribution and their incidence on the irreversible degradation in the long term of the quality of the water retention resources.
Methods

Natural Setting
The study was conducted at the dam located at approximately 15 km from the town of Mokolo in far North Cameroon ( Figure 1 ). Topography is characteristic of the mountainous area of the Mandara mounts with altitudes straying between 900 and 1500 m [3] . The climate is the Sahelian type with a precipitation ranging between 850 to 1100 mm of rain distributed a year over approximately 5 months [4] . The average temperature is of 26.0˚C and the relative humidity of the air from approximately 48% on annual average [5] . The seasonal drainage of the laying-up basin of a surface of approximately 70 km 2 is ensured by two seasonal streams, the Madabrom and Mododrof [6] . The geological formations met date from the Panafricanorogenesis (500 ± 100 billion years) where the metamorphic series were granitites and rejuvenated. The major part of the base consists of metamorphic rocks (gneiss, schists) to which are added plutonic solid masses of rocks (granitoid, syenites…) [7] .
The dam retention consists of an earth embankment reinforced on both sides by a riprap slope. The dam presents a length of approximately 980 m for a height of 20 m. It presents in his center a tower of hydrant for the station of treatment located downstream at approximately 500 m. His maximum capacity is of approximately 3 million m3 on rising period.
The anthropic activities within the catchment area are primarily agricultural (food crops and of revenue). We note also some pastoral activities such as the breeding of the cattle, goats and the swine. The manufacturing and artisanal activities are non-existent or at least still at the embryonic stage [8] [9] [10] [11] .
Sampling and Measured Parameters
The various investigation campaigns on the ground were held over two periods known as the period of dry season and the period of rainy season of the year 2012-2013. The period of high dry season is between the end of March and the beginning of April and corresponds to the period of low water level while the period of the rains is located between the end of August and the beginning of September corresponding to the period of high water level in the retention. During these two periods 30 water samples were taken including 15 in period of dry season and 15 in period of rainy season. The points of sampling were selected as to cover the totality of the tank and taking in consideration the environmental specificity such as: the presence of the market gardening; the zone of drenching of the pets and the discharge system of the waterway feeding the retention.
The physicochemical parameters such as temperature, pH and conductivity were measured in the field using a Hach brand pH/conductivity meter. The concentrations of the major anthropic ions ( were obtained according to the standard methods of water analysis [12] by the using of JENWAY 6320D Spectrophotometer.
Results and Discussion
The results of physicochemical parameters that were measured in situ and the chemical analysis of anthropic pollution parameters of dry and rainy season samples are presented in Table 1 . 
Statistical Characteristics of Anthropic Pollution Parameters
The chemical anthropic pollution parameters ( Figure 2 ) represented by nitrates, nitrites, phosphates and the ammonium ion present respective percentages of 23.66%, 0.23%, 1.65% and 0.39% of the total sum of the anions in low water level against 37.91%, 0.99%, 12.74% and 1.67% of this sum in period of flooding. These slight increases of the anthropic elements of such as nitrates and phosphates respectively from approximately 14.25% and 11.09% in rainy period are in relation of the intense farming in the hydrological area catchment. In addition, the other parameters such as chlorides and sulfates although are slightly more abundant in period of rising than in period of low water level which they remain overall constant. This constancy can signify a weak impact of the seasons (dry season and rainy season) on their origin. Nevertheless in the absence of the data on the chemical signal of rainwater in this zone, the surface origin of these elements can be considered [13] . The analysis of principal components of water of the retention reveals that the two principal factorial axes F1 and F2 ( In rainy period, the F1 axis which gathers respectively the temperature, conductivity, the chlorides and the bicarbonates shows the natural source of the mineralization of the water of the retention. However the F2 axis which regroups the pH, magnesium, potassium, phosphates and nitrates expresses the influence of the anthropic activities in the acquisition of its mineralization. 
Organic Pollution Indices
The analysis of the organic pollution indices (OPI) of the water of the retention in dry season and rainy season ( respective averages of 1.95 and 1.04. This indicates a very strong organic pollution of the whole water samples of the retention in all two seasons. However, we notice that the samples of water which presents moderate organic pollution (approximately 13.33% of the total samples of the dry season) and strong organic pollution (approximately 26.67% of the total samples of the dry season) evolve to a level of very strong organic pollution in rainy season. This transition testifies the recrudescence of anthropic pollution during the rainy season when the agro-pastoral activities and erosion (streaming, through fall…) are at their maximum [14] .
Spatial Distribution of Pollution Parameters
The ion ammonium (
is produced by the reaction of ammonification which corresponds to the degradation of the nitrogenized organic material in to ammonium, which can take place in the aerobic or anaerobic zone and can appear in a broad range of environmental conditions [15] . Roughly, it is observed that the space distribution of the concentrations of the ion ammonium in the retention (Figure 4 (c)) does not obey to a specific measure. However, it is noticed that the strong contents are observed in rainfed period and the low contents in low water level period which corresponds to the dry season. In addition, it is observed that the strong ammonium concentrations are located on the dead arms and in the center of the retention while the weak concentrations are close to the dam. Nevertheless, an aggregate point of strong concentrations in ammonium ion is located in the center of the retention without a particular explanation. These situations which do not have a precise explanation can be explained by weak stirring movements of the water of the retention. However, the strong concentrations in the peripheral zones in rainy seasons can be attributed to storm water runoff. Nitrites ( (Figure 4(c) ). In addition, the low contents of nitrite in the dry season can be probably due to transformation of the strong contents of the nitrate of the rainy season by the nitration processes. The nitrates are the result of the transformation of the ammonium ions in nitrate through the process of nitrification [17] . The space distribution of nitrates within the water retaining for the two seasonal periods (Figure 4(a) ) demonstrates the randomness of the spatial distribution of concentrations obtained according to the intake points and their variations according to the seasons. Overall, they are very high regardless the considered season. Nevertheless, they are higher in rainy season than in dry season. The high levels contents of the rainy season probably result from the contributions of elements by surface runoff of rain water. Indeed, the use of agricultural fertilizers during the rainy season contributes through the leaching land to the enrichment of water of the retention by nitrates. On the other hand, the high levels contents of nitrates in dry season cannot be explained by the contributions of surface waters runoff in absence of rain, but probably, the mineralization of the intrinsic organic matter of the retention. Bock et al. [17] affirm that some parts of nitrates of the retention are consumed by aquatic plants for their growth; all this corroborates the low contents of nitrates obtained at certain points of sampling to the periphery of the retention where aquatic flora abounds.
The lithosphere is the ultimate source of all the phosphorus of the biosphere. As PO − ), the ecosystems of fresh and coastal waters are typically more sensitive to the phosphorus increases than nitrogen, this making phosphorus primarily responsible of the lakes and estuaries eutrophication. The phosphorus is transported mainly in the form of ground particles, rather than in solution [18] [19] . The observation of the seasonal load distribution of phosphate (Figure 4(d) ) reveals that the phosphate concentrations in rainy season are approximately 10 times higher than that of the dry season. Thus, given the low mobility of phosphorus because of its insolubility, the strong phosphates contents of the rainy season are indices for the estimation of the extent of erosion on catchment area of the dam because according to Bennet et al. [20] , the principal mechanism by which the phosphates pass from the terrestrial environments in the fresh waters environments is the erosion of the grounds. However, if the origin of the strong contents of phosphates in the rainy season is linked on the phenomena of erosions of the grounds, the low contents of the dry season seems only related to the retention intrinsic phenomena such as the processes of absorption by the aquatic flora or the formations of mineral complexes. In addition, if the phosphate precipitates are without risks, absorptions by the aquatic flora can in the long run involving its eutrophication.
Seasonal Variation of Pollution Parameters
The observation of Table 3 and Table 4 shows that the nitrates present sensibly equal average concentrations in dry and rainy seasons of about 155.95 and 411.30 mg/l respectively; the nitrites and the ion ammonium present respectively in dry season the average contents of 1.52 and 2.57 mg/l while in rainy season these concentrations are 10.76 and 18.11 mg/l respectively. With regard to phosphates, although not being a dominating major element in water, its values remain important for the perception of anthropic pollution. It is noticed however that its value, very low in dry season (about 10.88 mg/l), becomes 138.20 mg/l in rainy season. This augmentation is enormous because it highlights the major role of the rain waters runoff on its growth within the retention. If the strong concentrations of nitrates and phosphates observed during the rainy season can be put on the uncontrolled use of fertilizers upstream of the water retention by agricultural activities [21] , the ammonium ion on the other hand highlights the extent of the animal and human rejections. The study of 
Quality of the Water Resources
The observation of Table 5 which recapitulates the state of seasonal quality of the water in the retention shows that the nitrates, the nitrites, the phosphates and the ammonium ion often largely exceed the limiting thresholds fixed by the European standard quality of natural waters. Thereby, the Lastly, the ammonium ion with a concentration in dry season of 2.57 mg/l, reaches a concentration in rainy season of 18.11 mg/l which seven times the concentration observed in dry season. Considering that the origin of the majority of these anions is exclusively external because they come for their majorities from the anthropic actions, their strong concentrations observed in rainy season depend on the badly controlled agropastoral activities and the phenomenon of grounds scrubbing by rain waters.
In the light of this report, it should be noted that a good management of the water retention resources must be considered and this one will be possible only if the public authorities establish strict and effective regulation of all anthropic activities near the dam. Durand and Petit [23] prescribed to ensure a good pro- tection of the water resources a delimitation of three perimeters of protection to apprehend the position risks coming from the human activities. It will be about of envisaging: -A perimeter of immediate protection with objective of avoiding any direct introduction of polluting substances into the water retention and preventing the degradation of the infrastructure; -A perimeter of close protection where activities or installations which can harm directly or indirectly taken water quality can be prohibited or regulated;
-And finally a perimeter of distant protection to regulate activities or installations which can degrade the quality of the water resources.
Conclusions
The analysis of principal component of the water of the retention reveals that in low water period the F1 axis gathers the pH, the nitrates and the ammonium ion and in that fact translated the impact of domestic and agricultural pollution constraints. The F2 axis which gathers chlorides, sulfates and bicarbonates highlights the natural source of the mineralization of the water of the retention. In period of high water level， the two axes F1F2 gather the parameters of water natural mineralization while only the F3 axis materializes anthropic pollution.
Anthropic pollution in the study area has primarily agropastoral and domestic origin. Indeed, if the variations of NO 3 -/K + ratio lay emphasis on the impact of the use of fertilizers or the mineralization of the organic matter on the concentrations of nitrates in water, the organic pollution indices (OPI) put more emphasis on the degree of this organic pollution. The space distribution of some major anthropic elements such as nitrates ( overall aleatory, but however we notice a fairly clear variation of their maximum concentrations according to the dry and rainy seasons. Considering the increasing of the anthropic pollution elements, the effective management of this water resource according to environmental and socioeconomic issues, will only be possible with the establishment of a strict and effective regulation of anthropic activities by public authorities. Furthermore, delimitation of security perimeter upstream and around the retention will be at longer essential to complete de protection of the water resource.
